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0 Battle for controllably dispensing a liquid by drops. 



© A bottle (10) for controllably dispensing liquid 
contents (18) as drops (20) deliverable within a pre- 
determined size range has a delivery tip portion (14) 
formed internally as an elongated frustro-conical out- 
wardly opening passage (26) having a wide end for 
forming individual liquid drops (20) thereat and. at a 
narrow end. an insert element (32) with an internal 
bore (34) of selected diameter (x) and length (L) for 
thereby regulating the rate of flow of liquid contents 
(18) from the bottle (10) to the bottle tip (14). In 
another aspect of the invention, an annular recess 
(30.D,d) is formed, of somewhat larger transverse 
cross-sectional area than the wide end of the liquid 
delivery passage (26) and at its very end. to form 
and hold individual drops that are selectlveiy releas- 
^able to be within a preselected size range. 
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BOTTLE FOR CONTROLLABLY DISPENSING A UQUID BY DROPS 



Technical Field 

This Invention relates to a bottle for dispensing 
liquid contents by individual drops and, more par- 
ticularly, to a bottle having a dispensing tip portion 
formed to include an insert having a bore of pre- 
determined cross sectional area and length to reg- 
ulate the flow to generate liquid drops within a 
predetermined size range. 



Background of the Invention 

There are numerous situations in which a liquid 
material is most advantageously dispensed In the 
form of drops, preferably drops that are predictably 
within a predetermined size range. Such applica- 
tions include the provision of medications such as 
eye drops to patients' eyes, in the dispensation of 
which an overdose of medication must be avoided. 
Usually, in such circumstances, the bottle contain- 
ing liquid contents Is uncapped, typically by the 
detachment of a screw-on cap. whereafter the user 
gently squeezes the bottle to dispense from a 
distal tip end thereof one or more drops of medica- 
tion intended to be deposited at a selected loca- 
tion, e.g.. an eye. Such bottles, typically, are made 
of a flexible plastic material and the tip generally 
has an outer conical elongate shape with an ap- 
erture at which individual drops are formed before 
they separate from the bottle for deposition at the 
intended site. 

Unless relatively fine control is exercised over 
the flow of the liquid contents from the bottle into 
the tip end for formation of drops falling therefrom, 
there is always the danger of either a forcible 
squirting of liquid contents or the formation of a 
rapidly falling stream of drops that could result in 
an undesirable overdose. It has long been known 
that the provision of a constricted opening or pas- 
sage that limits the rate at which liquid contents 
flow out of the bottle is beneficial. The practical 
problem in effecting^ this known solution relates to 
economically viable methods of manufacturing the 
tip portions of bottles that conveniently contain 
such contents. 

Most plastics materials that are safe and con- 
venient for use of the type at issue are thermoplas- 
tics and, when the tip ends of such bottles are 
molded, the provision of the fine orifice through 
which the liquid contents must flow to the tip end 
of the bottle requires the disposition of a core of 
very small diameter. The core must be subse- 
quently removed without damaging the resulting 
molded part. For applications such as the provision 



of eye drops, such orific s must have diameters in 
the range 130-150 microns and numerous attempts 
have been made utilizing metal wires of this diam- 
eter as cores to generate such orifices. Unfortu- 

5 nately, because of high molding temperatures and 
the forces with which the material and various 
elements have to be manipulated, too often the 
core wire tends to break and remains within the 
orifice from which it must be extracted. As a con- 

10 sequence, serious quality control problems are pre- 
sented to the manufacturer, not the least of which 
is to inspect each such tip to insure that the core 
wire has been effectively removed without darhag- 
ing the remaining tip. 

75 Solutions to this problem have been sought in 
various countries, and examples include U.S. Pat- 
ent No. 3,276,639. to IxUicaster, which addressed 
the problem of producing a series of drops each 
having a volume of 0.05 milliliters with an accuracy 

20 of plus or minus 2 1/2% in such a manner that the 
accuracy of the dropper would be 40 drops plus or 
minus one drop per one milliliter of liquid. The 
Lancaster device utilized a fine bore tube leading 
to an expanding conical portion at the very end. 

2S Another example of this art Is U.S. Patent No. 
3,276.847, to Duff et al. which teaches a tubular 
dropper for microtitration that also includes a long 
tubular element with an expanding conical end. 
Examples from other countries include, for exam- 

30 pie. Swiss Patent No, 474.412. In which a bottle 
has a tip that opens conicaily outward and allows 
flow of fluid through a small orifice at the bottom of 
a frustro-conical section and French Patent No. 
821.258. to Regard, teaches a fine bore tubular 

35 section with a relatively wide open conical end. As 
noted earlier, the major problem in the manufacture 
of such devices is the location of the core wire 
during molding of the bottle tip, insuring that it 
does not break, and guaranteeing that the aperture 

40 left thereafter is capable of performing the desired 
function. 

There exists, therefore, a need for a solution 
that assures a manufacturer of a bottle for dispens- 
ing liquid contents by drops that the flow of liquid 
45 to a tip designed to release drops within a certain 
size range will be regulated effectively and can be 
manufactured witii consistent quality control so that 
there Is relatively small danger of generating too 
many drops or drops of too large a size. 

50 

Disclosure of the Invention. 

Accordingly, it is an object of this invention to 
provide a bottle for controllabiy dispensing liquid 
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contents therefrom as drops that ar d livered 
within a predetenmined size range. 

Another object of this Invention is to provide a 
bottle having a delivery tip portion that is easily 
manufactured of plastics material and ensures reg- 
ulation of the flow of liquid contents from the bottle 
to be released as drops delivered within a pre- 
determined size range. 

It is a further object of this invention to provide 
a delivery tip element suitable for use with a bottle 
(or other container by a liquid) that, with the selec- 
tion of an insert element, can be readily manufac- 
tured to suit a range of needs that include the 
provision of drops of liquid contents from a varieity 
of compatible bottles in drops within any of plural- 
ity of size ranges. 

It is a related further object of this invention to 
provide an insert element having an internal bore of 
a predetermined cross-sectional area and length to 
ensure selective regulation of the flow rate of liquid 
contents from a bottle therethrough, to facilitate the 
dispensation of such liquid contents as Individual 
drops within a predetermined size range. 

These and other related objects of this inven- 
tion are realized by providing a bottle for control- 
lably dispensing liquid contents therefrom as drops 
that are delivered within a predetermined size 
range, in which a delivery tip portion is formed 
internally as an elongate frustro-conical outwardly 
opening passage having a wide end for fonmlng 
individual liquid drops thereat and a narrow end for 
receiving a regulated flow of liquid from the bottle 
contents, and a liquid flow regulating insert element 
having an internal bore of predetermined cross 
sectional area and length, the insert element being 
located at a narrow end of the tip portion to regu- 
late flow of the liquid from the bottle into the tip 
portion. In another aspect of this invention there is 
provided an annular recess of predetenmined depth 
and a larger transverse cross sectional area than 
the wide end of fnjstro-conical passage commu- 
nicating therewith, whereby individual liquid drops 
form at the recess for controllable separation there- 
from when within a predetermined size range. 

Still other objects and advantages of the 
present invention will become readily apparent to 
those skilled in the art from the following detailed 
description, wherein only the preferred embodi- 
ments of the invention are shown and described, 
simply by way of illustration of the best modes 
contemplated for canving out the invention. As will 
be realized, the invention is capable of other and 
different embodiments, and its several details are 
capable of modifications in various obvious re- 
spects all without departing from the invention. 
Accordingly, the drawing and description hereof are 
to be regarded as illustrative in nature, and not as 
restricted, the invention being d fined solely by the 



claims appended hereto. 



Description of the Drawings 

5 

Rgure 1 is a vertical cross-sectional view 
along an axial plane of a bottle according to this 
invention, the same being held in a position conve- 
nient for delivering liquid contents by drops there- 
70 through. 

Figure 2 is a vertical cross-sectional view 
along an axial plane of a bottle according to a 
preferred embodiment of this invention following at 
least one use thereof to deliver liquid by drops. 

IS 

Description of the Prefe^ed Embodiments 

A bottle 10, formed according to a preferred 
embodiment of tills Invention has toward an open 

20 end thereof a shoulder portion 12, which may be 
externally threaded for receiving a closure cap (not 
shown) when the bottle is not in use so as to 
protect liquid contents of the bottle from contami- 
nation by ambient dirt, bacteria and the lilce. 

25 The delivery end of such a bottle 10 may 
conveniently be formed as an elongate portion 14 
having an end 16 from which liquid contents 18 of 
the bottle may be expelled in the fomn of drops 20 
that each form a necl< 22 Immediately prior to 

30 separation from the bottle. Such bottles, consider- 
ing cost, manufacturing convenience, amenability 
to sterilization so as to contain sensitive medica- 
tions, flexibility for convenience of transportation, 
handling, and use. inter alia, are usually made of 

35 flexible plastics materials. As a practical matter, 
manufacture of such bottles, especially the tip end 
portions thereof, involves various aspects of the 
molding of thenmoplastics material. 

Reference may now be made to Rgure 2, 

40 which is a vertical cross-sectional view along an 
axial plane of a typical bottle according to preferred 
embodiment of this invention. Below a tip end 
portion of a bottle 10, there is seen an upper 
portion 24 of the Internal volume of bottle 10 that 

45 contains, most lil<ely. some air over an upper sur- 
face of liquid contents 18. With the bottle vertical, 
i.e., with its tip uppermost, a small amount 118 of 
the iiquid contents of the bottle ttiat have been 
expelled towards the tip end 16 may be expected 

60 to remain within an elongate frustro-conical tapered 
base defined by a wall 26 and ending In a base 28 
If the bottle has been used at least once. The wider 
end of the frustro-conical surface 26 is towards the 
outermost portion of the tip end of the bottle, i.e.. 

55 the nd adjacent the end surface 16 thereof. 

According to one aspect of this invention, in 
order to assist the fomnation of drops of predeter- 
mined size and their convenient collective succes- 
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sive release by individual drops thereafter, an an- 
nular recess defined by an outer cylindrical surface 
30 of a diameter "D" and a depth "d" may be 
formed as illustrated In Figure 2. An opening, not 
numbered in order to avoid confusion, is formed In 
the base 28 of a diameter sufficient to receive 
tightly therewithin an insert element 32 to be de- 
scribed more fully hereinafter. 

As persons skilled in the art will appreciate, if a 
fine bore aperture Is to be formed in the base of 
the frustro-conical portion defined by surface 26. a 
very small diameter (e.g., 130-150 microns) core 
wire would have to be positioned accurately and 
removed Intact thereafter to leave behind a fine 
bore aperture. Experience has shown that such fine 
bore wire, because of the physical manipulation of 
the wire and pressure involved in the step of for- 
ming the thermoplastics material, occasionally 
breaks and remains within the aperture that was to 
be formed when the bottle tip portion is removed 
from the mold. When one of the molding ap- 
paratuses is so damaged, I.e.. when the orifice 
generating wire has broken off and is no longer 
available to form orifices in successive bottle tips 
molded thereby, a number of orificeless bottle tips 
may be manufactured and must be detected and 
rejected. This necessitates extremely precise qual- 
ity control because, othenrt^ise, either the bottle 
cannot be filled with liquid or. if filled, cannot de- 
liver any liquid. Also, breakage of such core wires 
imposes extra stress on those maintaining and 
servicing the molding equipment. All of this adds 
up to additional cost and serious quality control 
problems. 

in the improvement to the art offered by the 
present invention, there is provided a preformed 
Insert element 32 of a material compatible for 
molding into place into base 28 such that it has an 
internal bore diameter "x" and a total bore length 
"L" carefully selected in light of the liquid to be 
dispensed therethrough so as to exercise effective 
regulation of the flow rate of the liquid when a user 
elects to dispense the same. The outer surface of 
insert element 32, as will be understood by per- 
sons skilled in the art. may be made rough or 
otherwise amenable to sealing/bonding with the 
bottle material being molded therearound. Although 
Rgure 2 illustrates the length "L" as being some- 
what greater than the thickness "d" of the base 28 
of the body tip portion, this is not essential. Per- 
sons skilled in the art can easily visualize tech- 
niques that will pemnit otiier dimensional relation- 
ships. 

Although in Rgure 2 bore 34 Is shown as a 
straight cylindrical portion, ven this is not ab- 
solutely essential. Th key feature is that bore 34 
provides the desired regulation of flow rate of liquid 
contents 18 from the bottie 10 therethrough. Ac- 



tually, as a matter of convenience In manufacturing, 
Insert element 32 may be merely a small length of 
a uniform cylindrical tubing having an internal bore 
V and cut to a suitable length "L". Known tech- 

5 niques for locating a core may be utilized, espe- 
cially since the outer dimension of insert element 
.32 is bound to be larger than that of an othen/vise 
necessary core wire having an outer diameter com- 
parable to "x". The details of how the bottie tip 

10 portion is molded around insert element 32 are not 
critical to an appreciation of the advantages of the 
present invention. 

Given a bottle molded with insert element 32 in 
place per Rgure 2. a user must unthread or other- 

^5 wise detach a protective cap normally attachable to 
shoulder portion 12. tip the bottie over so that tip 
end 16 is lowermost, per Rgure 1, and then very 
gentiy squeeze the body of tiie bottie to eject 
tiirough intemal bore 34 of insert element 32 a 

20 regulated flow of the liquid contents 18 of the 
bottle. Because of surface tension effects, and be- 
cause of the conjoint effect of the small bore 34 of 
small diameter "x" and a preselected length "L", 
the flow of liquid through tiie insert element 34 Is 

25 potentially kept slow enough to cause the liquid to 
fill up the frustro-conical space defined by surface 
26. Eventually, enough liquid having passed 
through bore 34, liquid will enter the recessed end 
portion defined by surface 30 and form a liquid 

30 bulge thereat. Upon further liquid being ejected 
from tiie bottie, a drop detemnlned in size by tiie 
diameter "D" and the deptti "d" of recess 30 will 
form as drop 20, eventually neck at 22, and be 
released as the drop of predetermined size, i.e., at 

3S least within an acceptable range of diameter size. 

Because bore 34 presents a flow impedance of 
known magnitude, which is selected with attention 
paid to the viscosity and other relevant parameters 
pertaining to the liquid contents 18. there is inten- 

40 tional avoidance of either an uncontrolled squirting 
of the liquid or a rapid succession of drops from 
the bottle. In other words, the present invention 
provides a very definite, inexpensive and easy-to- 
manufacture structure to controllably dispense a 

4S liquid in individual drops within a predetenmined 
size range. 

A distinct advantage of the structure according 
to the preferred embodiment is that different bot- 
tles all having tiie same general shape and size 

50 may be utilized to contain and dispense different 
liquid contents having different viscosities and flow 
characteristics, simply by selecting for inclusion 
therein different Internal diameters "x" and/or bore 
lengths "L" of insert elements having tiie same 

55 external diameter so that they can be molded utiliz- 
ing the same equipment. Assume that there ar 
two bottles having the same int rnal size and exter- 
nal shape, to be used to dispense two different 
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liquid contents which must be released in drops of 
different size or. even if the drops are to be of the 
same size, the liquids have different viscosities. 
One simple solution would be to have one or more 
separately produced tip elements that can be In- 
tegrated with any individual bottle body in l<nown 
manner, such a tip element typically being cali- 
brated to provide the desired flow of a selected 
fluid. Such a tip portion would have essentially the 
same geometry of structure as that of the delivery 
end portion of the bottle of Figs. 1 and 2. 

The manufacturer need select merely the right 
internally sized insert 32 while using exactly the 
same molding equipment otherwise. Conventional 
techniques would require the provision of different 
core wires that may differ only slightly in external 
diameter and yet may each be subject to breakage 
and consequent problems as adverted to earlier. 
The combination of the insert element 32 and oth- 
emse conventional bottle tip portion 14, according 
to' this Invention, enables a wide range of deliv- 
eries, for different types of liquids, to be realized 
merely by changing insert elements that have es- 
sentially the same external shape and size. 

Development work on prototype structures sug- 
gests that an internal bore diameter "x" within the 
range 130-150 microns is particularly useful for 
bottles containing liquids not very different in vis- 
cosity from water, e.g., eye drop solutions and the 
like. Actually, if emulsions for more viscous liquids 
are to be utilized, e.g., for dispensing a hardener 
chemical for mixing with an epoxy resin, or a 
concentrated dye for formulating a particular shade 
of color by mixing various liquid ingredients, or the 
like, persons skilled In the art will naturally select 
the internal dimensions of insert element 32 ac- 
cordingly. 

In this disclosure, there are shown and de- 
scribed only the preferred embodiments of the 
invention, but, as aforementioned, it is to be under- 
stood that the invention is capable of use in various 
other combinations and environments and is also 
capable of changes and modifications within the 
scope of the Inventive concept as expressed here- 
in. 



Claims 

1. A bottle for controllably dispensing liquid 
contents therefrom as drops that are delivered 
within a predetermined size range, comprising: 
a delivery tip portion, formed internally as an elon- 
gate frustro-conica! outwardly opening passage 
having a wide end for forming individual liquid 
drops thereat and a narrow end for receiving a 
regulated flow of liquid from the bottle; and 
a liquid flow regulating insert element having an 



internal bore of predetermined cross-sectional area 
and length, said Insert element being located at 
said narrow end of said tip portion to regulate flow 
of the liquid from the bottle into said tip portion. 

5 2. A bottle according to claim 1 . wherein: 

said delivery tip portion is formed to have an 
annular recess of predetermined depth and a larger 
transverse cross-sectional area than the wide end 
of said passage and communicating therewith, 

10 whereby individual liquid drops form at said recess 
for controllable separation therefrom when within 
said predetermined size range. 

3. A bottle according to claim 1 , wherein: 

said Insert element has a generally cylindrical fonn 
IS with an outer cylindrical surface integrable with 
said delivery tip during fomnation thereof. 

4. A bottle according to claim 3. wherein: 

said delivery tip portion is formed to sealingly 
attach to a sealing cap to thereby seal any liquid 
20 contained in said passage and said bottle contents. 

5. A bottle according to claim 4, wherein: 

said Insert element comprises a first plastics ma- 
terial and said bottle is formed of a second plastics 
material moldable therearound for said integration 
26 therewith. 

6. A bottle according to claim 5, wherein: 
said second material Is a thenmopiastic material. 

7. A bottle according to claim 1 , wherein: 

said insert element interna! bore is in the range 
30 130-150 microns. 

8. A bottle according to claim 5, wherein: 

said insert element internal bore is in the range 
130-150 microns. 

9. A tip element attachable to a container body 
35 such as a plastic bottle for controllably dispensing 

liquid contents therefrom as drops that are deliv- 
ered within a predetennined size range, compris- 
ing: 

a delivery tip portion, formed intemally as an eion- 
40 gate frustro-conical outwardly opening passage 
having a wide end for forming individual liquid 
drops thereat and a narrow end for receiving a 
regulated flow of liquid from the bottle; and 
a liquid flow regulating insert element having an 
45 internal bore of predetermined cross-sectional area 
and length, said insert element being located at 
said narrow end of said tip portion to regulate flow 
of the liquid from the bottle Into said tip portion. 

10. A tip element according to claim 9, 
50 wherein: 

said delivery tip portion is formed to have an 
annular recess of predetennined depth and a larger 
transverse cross-sectional area than the wide end 
of said passage and communicating therewith. 
55 whereby individual liquid drops fonm at said recess 
for controllable separation therefrom when within 
said predetermined size range. 

11. A tip element according to claim 9, 
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wherein: 

said insert elem nt has a generally cylindrical form 
with an outer cylindrical surface integrable with 
said delivery tip during formation thereof. 
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